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ONTARIOl)EPARTMENT OF AGRICULTURE. 

BULLETIN 112. Toronto, December, 190G. 

AGRICULTURAL COLLEGE AND EXPERIMENTAL FARM. 



FOUL BKOOD OF BEES. 

Bt F. C. Harribom, Fbopbssob of BACrKHioLoax. 

HlBTOBICAL KlSOU^. 

In ftU probability the first definite reEerenoe to fool brood ii by Aris- 
totle (1), wbo mentions an inertness whioh seiies the bees, knd onuses « bad 
■mell in the hive. He nlso >uf[gests that bees ue liable to become diseued 
when the flowers on whijh they work are attaoked by blight. Bee dysentery 
oftases K bad odor m well h fonl brood ; bat In the former disease the spot- 
ting and consequent smell »re nsnally outside the hive. 

Oolnmella (2) mentions a bee pestilence and an annaal distemper wbioh 
seizes the beea ia spring. Plioy (3) writes of a disease of bees, bat as he 
uses the same term as Aristotle he has probably copied it from the latter 
anthor. 

Sohiraoh (4) in 1769 was the first writer to name the disease "Fonl 
Brood." He says that "it is dangerous, and a most desti:active disorder to 
the bees, a genuine plague when the comp'aint has reached a oertain stage. 
The cause can be attril>nted to two soarcea— 1. The putrid (or tainted) fiwd 
with which the bees feed the larvce for lack of having better. 2. By the mis- 
take of the qneen bee, in misplaoiog the larvte in their oells, head upside 
down, In this position the yonng bee, unable to get out of its prison, diea 
and ruts away." Further, Sohiraeh clearly distinguishes between fool brood 
and chilled brood, and mentions the fact, that pntrefaotion follows the death 
of the brood from frost, but in this case " it is only an aooidetit and not a 
diseasa" 

The remedy Schirach recommended was to remove all diseased combe 
from the infected hives and to keep the bees fasting for two days, after which 
they are furnished with other oakes of wax, and a suitable remedy given, 
" as a little hot water mixed with honey, nutmeg and Bafi'nm, or a syrup 
composed of eqnal parts of sugar and wine, seasoned with nutmeg." Thus, 
as Cowan (S) remarks " we bad given us nearly 130 years ago, a method of 
cure almost identical with what is by some claimed as new to-day." 

Tessier (6) abont the same time as Sohiraoh, says, that when the larvfe 
die in their cells it causes an infection in the hive which makes the bees sick. 
It is then necessary to drive away or sometimes move the bees from the hive, 
and to take care to fumigate the infected hive if it is going to be used again. 
It is necessary, in order to avoid the same id convenience, to take out the 
parts of the comb that may be moulded by reason of the dampress. 
Dnchet (7), who wrote on bees in 1771, does not mention any disease that 
oan be certified as fonl brood, but be describes bee dysentery. 

Delia Rocca (8), Vicaire-Oeneral of Syra. an island in the Levant, re- 
lates with much detail the history of an epidemic of fonl brood, which caused 
great destrnotion in the island during the years 1777 to 1780, Delia Rocoa 
describes very minutely the symptoms, destruction and mistakes that were 



made in Attempting to oomb&t the disease. " Tbe diwice," he uys, " mani- 
featB its presence \tj defecu in the combs filled vith brood, and which only 
coatkin a pstrid mass ; instead of che bw papee there is only rottenness in 
the cells, which, however, being capped alwufs preserre a healthy appear- 
ance. If these cells are broken open, a blackish liquid flows ont, which 
spreads the infection through the hive. This disease only manifests itself in 
cells which contain a nearly mattiTe larva or a capped one. The bees tbem- 
selves remain in good health, and work with the same activity, bnt their 
numbers decrease duly. Thi« disease, hswerer, was not bo general in a hive 
bnt that a small portion escaped ; some new bees emerged, but in too small 
nnmbeti to snpply the daily losses Thus a hive attacked by this scoai^e 
will perish from scarcity of population. At first it was not noticed that this 
disease was epidemic, and the hives emptied by death of the bees, were filled 
with fresh swarms, and these contracted the same disease and perished. Y*>t 
another mistake was made. The remains of the hives that were lost were 
taken into the streets of the town to expoee them to the enn, in order to ex- 
tract all the wax, and the bees from the neighborhood sucked up the honey, 
canght the disease, and commnnicat«d it to other hives, and all, without ex- 
Mption perished in a short time. The epidemic, havioK reached the island, 
spread everywhere and the mortality among tbe bees was general, either from 
eating infected honey, or from stopping up the infected combs, or from the 
bees nourishing their brood on infected honey." Delia Roooa criticizee 
Schirach's statement regarding the misplacement of the larvie by the queen as 
a cause of tbe disease, becanse " everybody knows that the qneen has nothing 
else to do bnt deposit eggs. These are then oared for and nourished by the 
bees, and when the larva is nearly ready to change into the pupa, the beei 
elose the cell, and every position which is given the larva dependa on their 
good pleasure and not on the qneen's." Ddlla Kocoa himself thinks thst 
" some pestilential blight had without doubt corrupted the quality of tlie 
honey and the dust from the anthers," and recommends " burning everything 
without pity, as there is no other resource when the disease Is well established, 
as tbe pest is without doubt the most terrible in the natural history of beei." 

Neither Wildman (9), Keys (10), Woolridge, Needham (U), Rhein, 
Reaumur (12), or other authors abont the same time (latter end of the I8th 
century) mention this disease. 

Bevan (13) names the disease " Pestilence," and also quotes Schirach's 
name "Foul Brood," and says regarding it, that the "festiloice has been 
attributed to tbe resid^ice of dead larvce in the cells, from a careless deposi- 
tion of ova by the qneen ... it has also been attributed to oold and 
bad nursing, that is, feeding with unwholesome food." 

S'othing further of note appears in bee literature till the year 1860, 
when Dr, Lenckhart (14) writes that he was formerly of the opinion that tonl 
brood was cau»d by the same fungus {Panhiatophyton ovaium) which is 
noticed'ia a disease ot the silk worm, bnt now after observation and experi- 
ment, is quite certain that the disease is caused by neither vegetable nor ani- 
mal parasito. He also notes that the term "foul brood" is applied to a 
number of diseases affecting bees. 

Molilor MiihUeld (15) recognizes two forms, one contagious and the other 
not contagions, and thinks that the only cause of contagions foul brood is a 
fly {Ichntumoa apium TnelUfiearium) which lays its eggs on the young larvae 
of the bi-e. 

A discovery of note was Prenss'B(16} in 1868, He contradicts Miiblfeld'i 
statement abont the fly, and states that foul brood cells can be detected by 



the innken cap. With « microtoope magnifying 600 diameterB, he foond 
Bmall dait like bodies with « diameter of s^js va. m. belonging to the genua 
Cryptocoeeue (Kutzig) and called the epecifio form alvearig, likened it to the 
fermentatioii fongna {Cryptoooeeu* fermenttim) and thought th«t the loBt germ 
gained acceas to the jonng bee and obanged to Cryptoeoecus alvtartM. He 
iiatic' I that many experts lay the oanse of the diaease to fermenting food bnt 
the larvae are easily oonlamiuated by the fermeatation fnngna which ia alwaya 
present in the air. He also mentiona the enormous rapidity irith which the 
fangns mnltipliea and gives an elaborate calculation of the number that might 
be found in a cell containing a deceased larva 

Aa might have been expected, Frenaa'a ilatement aroused conaiderable 
discusuon at the meeting of German bee-keepers, a ahort while after the pub- 
lication of hia paper. 

Yogel (17) esprened doubt as to whether C. alvsari* was the real oanae 
of foul brood or only a conaequenoe of the disease, bnt on the whole agreed 
with PreOBs. 

Wiegand (17) agreed with Preass'a theory, aud in giving his experience 
aaid that the dieease was introduced into hia apiary through honey brought 
from a distance. 

Pollman (17) btlieved that the diasase was introduced by feeding honey 
from Havanna, «here, when extracting the honey, both brood and honeycomb 
were mashed up and the honey pressed out. 

Dr. IjeuckhaTt(17) agreed with those who thought the disease dne to a fun- 
gus, but diaoredited the supposition that it was the same aa the fermentatdon 
fungus mentioned by Piense, and rather thought it wia related to the ailk 
worm fnngua and that moat of the brood diseases ending in death were called 
" foul brood " while they wcie really something else. He believed tJiat the 
fungus waa present in the eggs of the queen when laid. 

Geilen (17) believed that the disease came from the putrefying rvmaioa 
of animal bodies, upon which the bees alighted. 

!MiihIfeld (18) again in 18C9, presented hia former views, and alao those of 
FreuBS'e and gave directions for maintaining the health of bees. He recom- 
mended the boiling of the honey, and a nie of carbolic acid in the strength of 
1:100 or permanganate of potash 1:300 as diunf^otants. 

Lambrecht (19) thought that foul brood was caused by the fermentation 
of the bee bread. 

Hallier (Id) considered it no specific diaeaae,butdionght itwas probably 
produced by different fungi. 

Comallia (20) proved contrary to the above and found a tungua, which 
be thought developed foul brood. He called it Oryptoeoeeut tdvtaxii and used 
carbolic acid, potassium permag , and lime water aa disinfectants. 

Fisher (21) advanced a new foul brood theory in 1871, which somewhat 
follows the view of Liebeg regarding the ailk worm disease and plant diseases. 
According to this theory, the predisposing cause was insufficient nourishment, 
especially short stores for winter and spring. Shortage of pollen supply was 
the next cause. Fieher triiidto prove his views by the practical experience 
of bee keepers and explained that tbe first result of repeated and continned 
feeding was an increase in the production of bees ; and a consequent dispro- 
portion between brood and brood feeders arose, which should be looked upon 
asanothercauaeof foul brocd. Thedisease, heaaid, might belessenedorextermin- 
atf d by applying means to reduce the production of brood, aa the removing of 
the queen and the area which the broad occupied. Foul brood is probably 
the cause of a qnantitative dearth of nourishment and a consequent degenera- 



tion of the bees. The appeanmoe of fnngoiu growtha waa only a BeootkdarT^ 
matter. 

Schonfeld (22) infected several hives with foal brood and when it bad 
fnllj developed he took a comb of the rotten brood to the Physiological Insti- 
tute at Brejlaii, aad had it iabmitted to a mioroeoopioal examination by Drs. 
Cobn and Eidam (22). Thia examination showed that in every dead larva, 
and in each fonl broody cell, whether the contents were jet white and finid or 
brown, teoacions and ropj, there were to be fonnd long oval bodies, whioh 
PrensB called " micro^coccL" " Close to and among them, Cobn waa the first 
"to find, with the moat powerful of the five microscopes that were used, a 
" oonntless number o( slender pale rods, joined together, and whiub he at onoe 
" identified as baoteria of the genns baciUus. The length of a single rod was 
".about 6 micromillimetres, bat man; of them were two and three jointed, bo 
" that these fonl brood baoteria microscopically resembled the anthrax bacteria, 
" though of course they were different physiologically and in the manner in 
" whioh they acted as fermenta " 

It ia not surprising when we remember the state of bacteriological know- 
ledge in 1870, that Preuia should have mistaken microwcoi for the sporea of 
a baoillna In 18S6, Cbeahire & W. Oheyne (23) confirmed Cobo's concla- 
sions and demonstrated that the disease, foul brood, waa cauaed by a bacilloa 
to which thf>y save the name of Bacillus atv«i ; and they worked out the fol- 
lowing requirements of the causal relation of this baciUns to the disease, 
usually spoken of aa Koch's rules : 

1. OoDstant association of this germ (B. aivei) with the disease in the 
larvae of bees. 

2. Isolation of the gprm from the diseased larvae, and study of the same 
in pure onltares on various media 

3. Production of the charocteristio symptoms of the disease hy inooola- 
tion of pure cultnrea. 

4. Discovery of the same germ in the re infected larvae. Ke-isolatiott 
and growth on variona media, comparable to that prevtoualy isolated. 

The infection brought about by Cheihire was accomplished by spraying- 
a particular part of the comb with a culture of B. aivei in milk. This part 
and no other became affected with foul brood. Adult bees were also infected' 
by feeding them with these cultivated bacilli. The experiments of Cheshire 
and Cbfeyne convinced everyone, and since that date B. aivei has been gener- 
ally regarded as the causal agnnt in the production of this disease. 

I>ickel(21) wrote in 1888 that several species of bacUU ware able to 
produce foul brood. There was one form of the dispaae which affacted the 
unsealed brood, and another which affected the sealed brood ; and even a 
third, a mixfd form, which seemed to be most malignant. 

Klamann (25) supported Dickel's researches, but stated that it was not- 
necessary to count more than two kinds of the disease, as there were certainly 
several other microbes which contributed to the ruin of thp hive. Klamann 
Stated that he found seven and was persuaded that he would be able to isolate 
an even greater number of bacteria from the diseased larvae. It seemed to 
him certain that B. aivei was the vost virulent, and that this germ alone 
was to be considered the cause of foul brood. 

Symptoms of thb Disbask. 

The disease principally affects the larvae. In a healthy C9mb the young 
larvae lie at the bottom of bhe cells, curled np in the shape of the letter and 
in color are of a pare pearly whiteness, plump in appearance, with full 



«kin. If ezKnained when the diaeue is joat developinn, the afieoted larrae 
are nmftllr found to have changed tbeir position. The; are no longer curled 
np, bnt lie extended in the cell, or move aboat nnnaturally. The beea them- 
selves may at this time or anbaeqaently aboir symptoms ot the disease by a 
kind of inertneea or inaotiviry which seizes them. As the disease progresses, 
the ybang larvae lose their plnmp appearance, become flabby and die. Then 
a process of decompi>fition begins, which is shown by their yelloimh appear- 
ance. This' yellow color turns brown, and if tonched with a pin or needle 
at this time or later, a portion of the pntrid mass may be palled out in a 
long, ropy, tenaoione string, due " to the chitinons aerating sacs and tracheae 
which do not undergo deoompoBition at all ; and these remaining cause the 
pecnliarity referred to " (26). This ropy mass gradnally dries down to the 
bottom of the cell, leaving nothing but a brawn scale which adheres to thewaz. 

As a rule, the bees do not remove larvae dead from this disease. Initoad 
they become qnite inactive, lose their desire to fly, are often seen fanning at 
the entrance of the hive, which in many casf a emits a bad smril. A phase of 
the disease, which some anthon have described as being a different form, ia 
that in which the larvae die after the cells have been capped over. These 
oappiogs become darker in oolonr than those of the healthy brood ; then be- 
come indented or snnlten, and lastly become perforated with irregular holes. 
By putting a needle into any of theae celts the same ropy mass, before 
described, may be drawn oat. If an examination is made from th'^joice of 
the larvae at different stages of the disease, the baoillos may be detected ; 
bnt sporss do not 7orm till after death has occnrred. The ropy mass oontuns 
iaxga nambers of aporea, aa does also the dry scale. 

According to Cheshire (26), the bees themselves become diseased. In a 
number of ossea he obtained the bacillns from the blood of bees from infected 
hives. Hubert's examination in 1876 Ird him to declare that the mature bees 
in infected hives we^ liable to be aff>^eted. Some writers contradict the 
statement that the beea themaelves are affected by the diaeaae ; bnt they loae 
eight of the fact that the bees do not die in the hive, bnt leave it sometime 
before death ocodis. 

The qneen may become infected. Cheshire (26) demonstrated the pres- 
ence of bacilli in the ovary of a qneen ; bnt he did not make cultures there- 
from. W. O, Smith (27) reported that a queen sent to Cheshire and exam- 
ined by him contained £. alvei in both of her ovaries, McKende (2S) 
examined five queens from infected hives and succeeded in obtaining bacilli 
from the ovaries of three. He thinks that their presence there is accidental, 
as in the case of a qaeen from a badly diseased hive he was unable to find the 
badllns, whilst in a six weeks old queen from a hive in which there were only 
a few diseased cells, he succeeded in finding it. A qneen sent by T. A. 
Qovan (29) to Oowan, the editor of the British Bee Journal, was examintd, and 
B. alvn wsB found in the ovaries. F. F. Ward (30) removed a queen from a 
diseased hive and placed her in a strong, healthy stock, " wbieh speedily 
became a mats of corrnption." This operation was snbseqnently repeated 
with a like result 

I have also myself examined seven qneena from diseased hives, and in 
three oases have had no difficulty in Gudiig the bacillus, and have obtained 
typical cultnrea therefrom. The method of examination employed has been 
the same aa that used by McKenzie. The upper saiface ot the bee is ster- 
ilised and cnt Ion etitudio ally, and all the internal organs except the ovaries 
are removed. The rnrface of the ovaries is then sterilized and a hot 
needle plunged into the centre and allowed to stay there until it is cold, when 



it ia withdrawn and aspd to inoculate agar oaltures. Aooording to Cheshire 
(26) the bacilli are foand in the egitB. In one examinatioD he sa^a be 
oonnted ninn bftoilli from & half-der eloped ejtg taken from the ovarf of » 
queen. McKeuzie (28) thinks that this atatfment reqaires ootifirmation, aa 
he was not able to find anj infected etiga. 

I have m;self f xamiiied a very large namber of eggs at varions times. 
In these ezaminationa three diflT-Teiit methoda were emplojed : 1. — The egga 
were taken from the cells in which the; were laid witli sterilized forceps and 
washed in corrorive sublimate, 1 : 500 crashed and placed on agar plates. In 
man; cases typical growths of B alvsi developed from et^ thus treated ; bafc 
aa it might be maintained that the egga were laid in oeHs previonsly itfecCed 
with S. alvei, and that the momentary immersion in corrosive sublimate 
failed to kill all the spores that were npon the eTterior, the next lot of eggs 
2. — Were crushed between cover- glassea, a small portion transferred into 
agar, and the remainder on the cover-^lais atained by Gram's method. Ia 
several instanaes the bacillus was fonnd in the crashed egg, and in every 
case the cnltnral test confirmed the microscopical examination. Again, as 
this method also might be criticized for the reaaona above stated~(31 egga 
irere imbedded in parraffia and serial aectiona made and atained by Gram's 
method No onltnral tests were made ; bat in a few eggs of several hundreds 
aectioncd a bacilliia oorr^apondinft in ita morphological oharaobTietics to B. 
atvei waa foand. All the egga examined were taken from hives more or lees 
aflected with the disease. 

In view of theee fao<s, I am of the opinion that the rgga of beea from 
diieased hives may in some Inatancei be infected. 

Cbillbd Bbood. 

Chilled brood ia aometimea mistaken for foal brood ; bnt the appearance 
of the former is very different from that of the latter. In the case of chilled 
brood the larvae torn grey ; afterwards the colour darkens, and in the final 
stages of decomposition it beoomes blvsk. No ropinesa develops. 

A number of writers in varions bee periodicals have mistaken chilled brood 
for foul brood, or they have stated that chilled brood turns to fonl brood ; 
but Sohirach. aa long ago as 1769, clearly diatinguiabed between the two, and 
McKenzie (28) also performed several experimenta in refutation of the state- 
ment that if chilled brood is allowed to patriry foul brood may arise de novo. 
He endeavoured to isolate B. alvei from chilled brood, bnt withont auccesa. 
Agun, he killed perfectly healthy brood by chilling, and infected some of the 
celle from a pnre culture of B. alvei. The chilled brood were allowed to 
patrify in a moist chamber for several months and examined with the same 
reaulte, viz : that in the cella in which B. alvei was placed it waa to be 
found, but not in any others I have also performed aimiUr cxperimenta and 
they fully confirm MoKeozie'a contention. So tar B. alvei haa not been 
iaolated from chilled brood in any etage of decomposition. Caneatrini (31) 
described a case which was in all probability chilled brood and not an infeo- 
tious mala-ly ; but his inoculation experiments failed to eatabliah the patho- 
genicity of the baciUna, which morphologically resembled B. megat/ierium. 

Gboorsphical Dibtribdtion. 

It haa been tfaonght that the diaea^ie varies in different countries, that 
fonl brood as it occurs in England is different from foul brood in Amerioa ; 
but as no bacteriological evidence baa been prodaced ia support o( the con- 



tenticoi, it is not neoeuary to ftrf;n« th» qneation. I hftve examined diseased 
larvie from Oanada, from Earope (France, Swilzftctand, Anitria, Oermftiir, 
Italy and England), Oaba, and 13 States of the Union, ranging from New 
York to California and from Uiohigan to Florida, and have anooeeded in 
isolating B. eUvsi from all of them. It is true that some of the oaltnres show 
oertaia differences, bnt they have not been Hafficiently pronosncfd to oonsti- 
tnte even a well marked variety of the rpecies. The pathogenicity of the 
badllus no donbt varies in different oonntrifs ; of that we have abnndant 
evidence, and the pouible explanation is given by Bertrand, who thinks tbat 
where bei s have been kept for many years the disease baa existed for a long 
time and rf mains in an endemic state ; but there has been produced in these 
conntrips a race of bees which have acquired a relative immonify, which con- 
siderably diminishes the effects of the disease, and enables apicnltnriHts to 
treat it more easily. Id new countries into which the disease has'been intro- 
duced it rages with great virulence, and remedies giving good results in the 
older countries are worthless in the new. As an example of this statement, 
we have the difierent methods of treatment used In Canada and in Europe. 

Bertrand (32) reports the disease mb being present in every country in 
Europe. Benton (33) says that he hss never mt-t with tb/b disease during tfae 
six years he has kept bees in the Orient. Delia Rocca (7) described a terrible 
epidemic in the Levant in 1780. Bnvill (34) says that he has never seen it 
in Cyprus. In Africa, Feuilleboia (36) reports It in Algeria, ud Bocbatey 
(SI) in Tunis. In Austratit it is present in all the colonies, and espncially 
BO in Hew South Wales (86) and South Australia (37). Brickwell (38) re- 
ports that New Zealand is full of the disease. 

Tbb Oboanish 

Saeiliua Atvei, Ohesbire and W, Cheyne, 1885, from the larvte of bees 
suffering from the diseue known as foul brood, la loqoe (Fr.) and faol bmt 
(Ger). 

HoTphohgieal Charaeleriiticg. — Tn form the or|(aniBm is a slender baoil- 
loB, with ends slightly pointed and rounded. " Tn the larval juices it is about 
,,Joi, of sn inch in length and j^,!^ in breadth. On agar the baoilli vary con- 
siderably in sise, averaging -i'^ inch, some as small as io,Ju> inch, and others as 
large as ^Jo^ inch. When they have attained the latter size, division of the 
rod seems to begin. They are always somewhat pointed at their endi. Their 
average breadth is ^o^ inch, ranging fron ^Jq^ to ^-,^ inch (23). Elamann 
(25) states that a clear space often appears in bacilli with pointed ends. 
From agar cultures 2i boors old, at 37° 0., the bacilli averace 4 ^ in length 
and 1.0 ft. in breadth. On gelatine culturee, grown at 22° C, they are 
somewhat ahorier. They grow singly, but occasionally form chains of various 
length. 

Slaing. — With the ordinary aniline stains the bacilli colour rather 
badly— Eisenberg (39) and Klsmsnn (25). The best Etaics are methelene 
blue and methyl violet. The bacilli accrpt Gram's stain, but the spores are 
not colored by it. I find the most aatitfactory stain is methyl violet. 

CapguU — No capsule has been dnroontitrated by We'ch's method. 

Flagdla — The bacilli are actively motile and pospesa a single flagellum 
at one pole. The motility of the bacillna is quite pronounced in fresh cultures 
obtained from hooillon, agar and gelatine. The flagella stain by Fitfield's, 
Loefflers's and Van Ermt^en'a method. 

S^pore Formation. — Spores are formed by the bacUlus, and are large 



oval bodin averaging in Ini gth „,^ incb, and in breadth 23)00 of bh inch On 
ftgar the spores sr« arrantied in long rowi, side by side, and are greater in 
dL^mctur than the celU from which they are derived The earliest appear- 
ance of spore formation takes place in 41 hours, at 36° 0. (Cheyne), bnt in 
some oases it is even sooner. The spores are formed in the centre of the rod, 
and the formation occurs bb follows : The rod begins to swell and become 
spindle-shaped. Occasionally the swelling is more marked at one end than 
in the centre. The spiadle-shape increases in sise, and the centre of the 
swelling gradually ceases to take the slain. The captnle of the spore is ap- 
parently formed within the rod and is not merely the onter part of the rod. 
In three or fonr honrs the rod is leen to have almost or completely disap- 
peared, althoagb parts of the faint outline of the ordinary bacillns may be 
noticed. 

Germination of Sporet — Vudei favonrable conditions the beginning of 
the germination of the spores takes place in about three honri. The spore 
loses its oval shape, becomes eIon([ated, and is soon seen to bnrtt through the 
>port> oapsale. It then presents the appearance of a short lod, with a pale 
envelope embracing one end. The rod gradually leaves the spore oapsule, 
and then goes on multiplying as a fnll firown bacillos. According to Eisen- 
berg (39), the sporee are decolorized by the tubercle bacilli stain, but prepa- 
rations may be obtained by using the Ziehl-Ki ilsen stain and aloghol for 
decolorization. The spores also stain by the method of Neisser. 

Polymorphiam. — Variations in size and shape may be brought about by 
growth in acid media, or in media containing different BUgars. These vario- 
tions occur also in the same culture, subjected lo eiactly similar conditions 
of growth. 

Involution forms. — Abnormal forms are especially abundant when the 
bacillus is grown on blood serum ; peculiar Y-like forma and clubbed shspes 
ore of common occurrence, and relatively few spores are found. 

Biologic Ai. Oharaotbbs. 

BouHton — " In meat infuBion at the temperature of the body, they 
grow rapidly, causing muddiness and, after a few days, a slight but not ten- 
acious scum " (23). In bonillon, with a reaction of + ,08(57), at 37" C, 
there is a slight turbidity in H boniB, espeoially noticeable when the tube is 
shaken. In 24 h'>urs. the liquid is uniformly turbid, with a very fine sedi- 
ment. In 48 hours, the turbidity increases and a pellicle commences to form. 
Beactioa of the culture at this time, + .07. After 96 hours the broth is clear, 
with a pellicle, white, rather massive, and somewhat tenacious. There is also 
much sediment. Reaction, after 10 days' growth, — neutral. 

Gtf/eerine BouUUm — Sfedia with orii^ual reaction o! + .08. At 37" C, 
the bouillon becomes slightly tnrbid in 12 hours, and quite turbid in 24, with 
a fine, whitish pellicle on surface, which does not extend to the sides of the 
tube If the culture is shaken, the pellicle deposits in fiaky masses. The 
reaction is -1- 1.2 In 36 hours, the turbidity clears, leaving the media bright, 
with a smooth, thin, tenacious, and white pellicle on the surface. In many 
cases the pellicle becomes very wrinkled and greasy-looking. At the end of 
8 days, the reactioii is +2 2, and the bouillon is several shades darker in 
colour, but quite clear. The reaction after 14 day's growth is -1-4.2. At 
22° 0. the same changes occur but growth is slower. The bacilli are relatively 
less nnmerouB than in bouilloa and are slightly shorter anl thicker. 

Glucose Bouillon. — With a reaction of -I- 2.0, at 37° 0., the broth is 
more tnrbid than plain bouillon after 14 hours' growth ; and in 21 hours, the 



sediment w heavf, and tarbidity ver7 marked, bat no palliole. la 48 boan. 
the media is opoqae and olondy, uid the pellicle ii begianiog to foiai. la 
96 boara the broch is leu cloadf , but the aediment is heavier, and a white, 
thick pellicle is formed. It ia oltea wrinkUd, bat not qaite so maoh lo a« 
that on the glyoerine broth. Reaction of broth after 10 dxya' growth, +4.6. 
The bacilli are ocoaeiooall; alabbed and 7-like formfl may oconr. Thej aver- 
age 5 >i in length and may be alightly carved. 

Laetoie Bimillon. — With a re«otion of + 1.06, at 37° C, the growth re- 
aemblee that of phun boaillon for the first 24 hoars ; bat at the end of 48 
bonra, it ia more tnrbid. In 96 hoan, a tenadoaa pellicle form, leas maaaive 
than that on Olaooae broth. Reutiou after 10 dajs' growth, + 2.4, The 
bacilli average 3.5 ft in length. 

Saeeharoge Bouillon. — With a reaction ol + 1.0, at 37° 0., the tarbidity 
and sediment are heavier than any of the other bonillona. In 48 boars the 
broth is qaite opaque and whitish looking. A heavy sediment is then present 
and pellicle formation is jast beginning. In 96 hours, the cloadineas ia about 
the aame, bat there ia an innreMe of sediment and the pellicle ia tbiii and 
membranons. Reaction of media after 10 days' growth, + 4.04. The 
bacilli average 5 /J in length, 

Gslatiw Plateg. — At 22' 0. in 24-36 boars, the colonies are small, 
roand, oval, or lozenge-shaped, with peculiar projections or ahoota from one 
end «E the oolony, giving it a pear-shsped, or tadpole-like appearance, accord- 
ing to the amount of development of the projection. In many oases, several 
of these ontgrowths occnr from different portions of the colony. By placing 
a cover glass on the sarfsoe of the gelatine and using objective 7, the bacilli 
may be seen moving around and around the colony and to and fro along the 
projections . At the end of 48 hours, the colonies are larger- Fine pro- 
cesses or projections are shooting ont into the icelfttine in all directions, form- 
inx peculiar figures in circles or clab-line forms, " It is impossible," sayfl 
Oheyne, " to give a proper idea of the appearanoe of the growth. The forms 
assumed are the mo«t beautifully shaped I have ever seen ; but they are very 
numerons, always retsining the tendency to form curves and circba," After 
a time the gelatine is liquefied and the beaatifal appearance of the colony ia 
destroyed by the liquefaction of the gelatine. 

These peculiar shaped colonies are most typical when the germ is taken 
from the diBeased larvn. After prolonged cultivation on various kinds ol 
media, there is a tendency for the colonies to become round, and the peculiar 
branching forms are not seen in such numbers. The composition of the gela- 
tine also seems to make a diS'eience in the appearance ot the colonies. In 
gelatine containing 13 per cent, gelstine the processes are not so long. The 
same effect may be brought about by using more peptone in the composition 
of ihe media. 

Gelaime Tubes. — In stick cultures at 30° C growth ocean all along the 
line of puncture. On the surface, delicate branchiuft or ramifying ftrow^ih 
occurs in three days. These outgrowths soon rnn together and the gelatine la 
liquefied, first aroun d the line of puncture, and in 5 days extends over the 
whole surface. The growth in the depth of the gelatine occars as a whitish 
streak all along the needle track ; and from this, nnmerous shoots and 
growths branch ont into the gelatine in all directions, giving a haziness to 
the appearance of the gelatine, which then begins to liquefy. If the inocula- 
tion is a heavy one, the eboots are coarse and may have club shaped extremi- 
ties, and from these swollen ends fresh shoots msy start. Oheyne obtained the 
most cbaiActeristic growth in gelatine containing 3 per cent, of peptone, as well 
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as 10 per cent, gelaliae. The whole tabe is liqaefied in from 2 4 weekt' growth. 
The liquid beoomPs yeUowiah in solot and girps o& a peootiaT odor. Kla- 
manim states that in gelatine aoidified with lactic acid the groivth is alow 
and Ions tbivadi are formed. 

Oetaline Streak Cultnerea. — In gelatine Btreak onltnrea the appearance is 
very similar to what one seea in stick cnltarea. The badlli firit grow along 
the line of inocalation ^ and then throw oat ihoota into the trorronnding 
gelatine, producing the appearance noted in the stick cnltnre. The bacilli 
move to and fro along the channels of liqaeGed gelatine. 

Agar plates. — On agar pUtea at 37° 0., the colooi^s at the end of eii;bt 
honra are small and burr-like, with Bpines protrndiag in all directions, giving 
the colony the appearance of a aea'Urchin. In eome oases the projections are 
from one side or end. At the end of 12 hoars, the colonies have well-defined 
projections, visible to the naked eye. The colonies in the depths of the agar 
are more spiny, the processes being mach shorter. On agar plates streaked 
with a light inoonlation, moet beantifnl forms oooar. The growth of the 
bacilli spreads over the surface and branches repeatedly, giving the appear- 
ance of s''aweed. Tbit appearance is distinctively characteristic ; and as the 
growth is very rapid, this method commends itself for making a quick diag- 
noeiB of the presence of the bacillus in larvte supposed to be diseased. 

Potato cuUaret. — On potatoes the growth differs considerably, according 
to the reaction and age of the potato. Sometimes a brownish wrinkled 
growth forms, which gives off a peoaliar odor j at other times a dryish yellow 
layer appears. " The bacilli grow very slowly indeed at 20'i' C." (Obeyoe 
23.) Even at 37^ 0. they grow slowly. 

Miik. — In milk at 37° 0., uoagalation of the casein occurs in three 
days. The milk becomes rellowiah and gives off a charaoteristio odor. 
After several week's growth, the card is digested and a wheT-like flaid 
remans. 

Blood serum. — On blood seram at 37° , the growth is rather slow and 
polymorphic forms are common. " Very long filaments are formed " (33). 
These long forms may be from 5 to 10 times as long as the average bacillns 
growing on gelatine, and consist of single cells. The filaments are often 
wavy or twisted and of unequal thickness, The extremities of the long, bent 
rods are often clubbed ; and y-forms are numerous. Spores are formed very 
sparingly, and the blood serum is liquefied. 

SyntAitio media ( Usehituky). — In Uscbinsky'e medium no growth ooonrs ; 
but if the medium is neabralized, good growth ensues. The bacilli occnr in 
threads and a pellicle is formed. 

thmhanCg Solution The bacilli are small when grown in this solution; 
No threads form ; bat < here is a slight isdol reaction after nine days' growth. 

Selalion to Free Oxygfn. Gheyne states that the eerma grow moet 
rapidly on the surf*ce of agar and arrange themselves side by side ; and they 
produce spores in this position after a few days' growth. Eisenberg (39)saya 
nothing under the head of aProbiosiB. Howard (40) writes that, " It growa 
best under anaerobic conditions ; is a facultative aerobe ; grows under the 
mica plate ; and in the presence of oxygen the growth is slight and slow." 
Howard also states that under anaerobic cosditionB it emits a foul odonr re- 
sembling that of foul brood. It will be thus seen that Ofaeyne and Howard 
do not asree on this point. The former author also ssys that the chartuster- 
iatio odonr is given off under aerobic conditions, whilst Howard states that 
this smell is emitted under anaerobic conditions. Further, Cheyne states 
that the bacilli grow with great rapidity on the surface of agar, whereas 
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Honrd obtttins his best growth aoder the mica pUte, wbiob dOM not giro 
oompletfi auaerobiiMis. Howud's concloaioni kre thai ke variuioe witlt 
Cbeyne's, aitd 1117 own retnlti fnlly aorroborate thou of the Utter anthor. 

Howard states that 'he vitality of the spores of B. alvet is destroyed 
when exposed to atmoiDheric air from 24 to 36 hoors. la makiof; his experi- 
ments he took sterilized road dust ond mixed it with the dry foal brood 
masses from several oells which were previonsly dissolved is distilled water. 
The mixture was worked dry, and spread on sheets of p^per, and trial cdI- 
tnree were made immediately anifat intervals of every twelve hours for three 
days; and according to his results no growth oocnrred after 36 hours la 
giving these resnlts, Howard does not state whether be exposed the spr>rea to 
sunlight or diffused light ; nor does he mention the age of the dry foul brood 
masses, which he used from several oells. These are points of considerable 
importance, for oa everyone knows the disinfecting power of diiect sunlight 
ia mnch greater than diffosed light, and the vitality of the sporei from fotil 
brood masses of different ages varies considerably. This, I may add, has 
been clearly shown by some of my experiments, subsequently described. In 
my experiments, the spores obtained from a pare culture on the sorraoe of 
agar, were spread on cover glosses and placed in a glass chamber, so arranged 
th<tt a onrrent of air was constantly cirjulating over them. This chamber was 
exposed to the ordinary light of a room with six large windows, anl a cover 
glass was token out every 24 hours and tested, to see if the sporei wonld 
grow. This experiment was continued for one month and at the end of that 
time the spores still germinated r<ipidiy. In another experiment, spores 
spread on oover glasses were exposed to a very diffused light, simnlaring as 
far as possible the amount of light which woatd enter a hive. Oaver glasses 
were taken oat from time to time snd transferred to agar, in order to aaow- 
tain il the spores were alive or not. The experiment was begun two years 
and fonr months ago and from the Isst oover glass taken and placed upon the 
surface of an agar plate a copious and typical growth of B. alvsi was obtain- 
ed. Further, thin strips of filter paper, plunged into a bonillon culture and 
allowed to dry, were threaded on a wire suspended in a wire basket and so 
exposed that the air conld freely circulate around them in the ordinary light 
of a room. Trial cultures were made at intervals, and at the expiration of 
6 months the spores from the p^per geiminated when the strips were placed 
on the surface of agar. 

Again, a drop of boniUoii containing spores was placed in a sterile tube 
and allowed to dry ; and at the expiration of 124 hoars (36 of which were in 
sunlight at a temperature varyinij from 30° 37° 0} sterile bouillon was added. 
The tubes were then placed m the incubator, atd in lese thaa 34 hours a good 
growth of the germs had taken place. 

From these experiments it will be seen that the results are directly at 
variance wicb Howard's statement, as tbi^y go to show that the vitality of 
the spores of B. alvei is not destroyed by exposure to atmospheric air, with 
or wit boat sanlight, for even a much longer lime than 24-36 bonis. 

With regard to the aerobio^is of this bacillus, good growth has been ob- 
tained in an atmosphere of hydrogen by Novy's method. Bachoer'd method 
also gave good results. The growths in the various media are very similar 
to those produced under aerobic conditions, but with this difference, that the 
surface growths are, ax a m|p, whiter in the hydrogen atmosphere. In 
' illuminating gas (water gie) no grawth occured ; bat the sporeb were not 
destroyed hy the action ot ttii; gan ; for when the gas was let out of the Novy 
jar, good growth ensued en aU oiltures. In acetylene gas, a restricted 
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growtb ooonrred. Id fermentBtion IdImi, growtb ocoarred bath in the open 
and in the oloaed itrm of the tnbeo. No fiu was forined, the bonilloD la tbe 
closed Htn wu uoiformly tnrbid. Thos B. alvei is a faonltAtiTe ftOfterolo. 

Production 0/ Alkali In ordinary bonUloD a slight amonnt of ammonu 
is formed. Control bouillon did not give the Nessler test, In glTcerine 
and the aagar bouillons, there is no trace of ammonia. Chejrne's onltures 
are faintly alkotine, both before and after inocalation in meat infosion. 
Klamann states that ammonia ii prodnoed. 

Acids formed A varying amount of acid ii formed. AU the sngar 
bonillona give an aoid reaoton. 

Formation of FigTnent. On potatoes, a yellowish growth is prodnoed ; 
on all other medU, the surface growth is white. 

Development of odourt Oheyne states that gelatine cnltares give off an. 
odoor of stale, bat not ammoniacal arine, or what may be better described 
M a shrimpy amell ; and this pecaliar odonr has been formed by Oheshire to 
be distinctive of diseased larvae. Klamann and Howard both state that a 
peculiar odour resembling that of the diseased larvae m.iy be noticed in arti- 
ficial onltnres. 

The Sheets of Deaieeation I have already noticed, under the head of 
" Relation to Free Oxygen," that the spores of B. alvei have conaiderablo 
vitality in withstanding desiccation. My experiments prove conolusively 
thitt the spores are extremely hard to kill by desiooaCion and iu thia respect 
resemble those of autbrax, which are known to resist thorough desiccation for 
a number of yeara One experiment whiofa shewed this characteristio was as 
follows: An agar plate completely covered with a typical growth of B. tUvei 
was allowed to dry ont completely, and was left exposed to the ordinary light 
of the room for 7 months, and at the end of that time, a portton of the film 
was scraped ofi with a knife, placed on suitable medium and incubated, with 
the result that a typical growth immediately ensned. 

Spores on cover glasses were exposed to September sunlight (Latitude 
43) for varying periods of time, and growth occurred after 4, 6 and 7 hoar'i 
exposure. The age of the spores varied from 5 days to 18 months; and 
spores 3 months old were not killed by 7 hours' exposure. 
Thkbmal Rklatjons. 

Maximum for Growtk. The maximum for growth is about 47''C. At 
44°C., good giowth occurs; but at SO^O., growth ceases. Experiments on 
maximum for growth were performed on germs isolated from a number of 
djfierent places, and little or no difference was noticed in their behaviour 
when incubated at the temperatures tnentionad. 

Optimum for Growth. Tbe optimum for growth is about 37.5''0. for 
all media except gelatine. This has been determined by Cheyne & Eieen- 
berg(39). On gelatine the best reenlteare,ofcounie,obtainedfrom highertem- 
peratures; but as 10% gelatine melts at about 24°C., 22°G cannot be exceeded. 

Minimum lor Grototh. Cheyne says that the bacilli do not grow bdow 
16°C. X havs, however, occasionally obtained growth at 14°C. on the surface 
of agar ; but it has been extremely slow. The spores will not germinate at 
this temperatnre. No difference, under this head, is apparent in germs 
obtained from diSerent countries. 

Thermal Death Point. This is a very important matter, beoau&e in tbe 
heating of wax and honey from colonies suffering with fool brood, it is neces- 
sary to know the trmperatnre that will destroy spores and thus prevent the 
infection of other bees ; and nufortnnately a considerable disorfpanoy exists 



in the rcBoltt of experiments to determine the thermit doftth pcnnt ot the 
bacillui, Hoonnted for in port by the different method! need by di&rent 
inTeatigatora. 

MoKende (28) foond the thermal death point by ■nspvnding lilk threada 
satarated in a beef broth onltnre of B. alvei containing ipores. Tlie threads 
were allowed to dry, and introdaced into melted wax, end left therein for a 
definite time, at a fixed temperature. At the end of that time, the thread 
was introdaced into melted agar and thoroughly shaken k> a* to separate the 
wax from the threads. The onlt&res thns made were rapidly cooled, and the 
tnbes placed in the iocnbator at 37°0. The followiog are his results : 



Q'C. for 1 honr, growth. 

1 " growth. 

2 hours, growth. 

3 " no growth, 

4 '■ no growth. 



At 100°C. for ^ of an hoar, growth. 
" i " " growth. 

" " I honr, growth. 

" " 1^ hours, growth. 

" " 2 " growth. 

" " 3J " DO growth. 
A temperatare of GO^C, did not destroy the spores in 24 honrs. These 
experiments were repeated with the same resalte, which resnlts were criti- 
cised by Oorneil (28), who claimed that the heat to which the bacteria were 
exp<»ed in melted wax was not moist bnt dry heat, and consequently that 
the wax had to be heated to a high temperatare and for a long time in order 
to destroy the spores. According to the testimony of two prominent founda- 
tion makers, the wax during the refining and purifying process reaches a 
tempi r 10O°O. for a short time. During the sheet- 

ing, I t temperature much above the melting point, 

say 7 <n makers, Dadsnt k Hunt (41), state that, in 

refini some time to 100°C,, and is kept liquid for 

34 he that if these temperatures are rrached in the 

makii of foul brood from comb foundation, as the 

speoit he melted wax is so great that thronghout 

the pi 3 bacteria tend to fall to the bottom. Stem- 

berg I require for tfaeii destruction a temperatare of 

100°U. for four minutes (determined in 1887); but thrre is no statement as 
to the age of the spores, In Howard's experiments (40) tubes ot liqaid gela- 
tine containing spores of B. alvei were placed in an open vessel of boiling 
water and allowed to remain therein for a definite time — " in all probability 
the water did not reach boiling point " — and trial callures were made at stated 
intervals, with the following results: 

After 16 miDutes — growth. 
« 30 
« 45 

" 50 " no growth. 
" 60 

His trial cnltnrea were on potato and gelatine ; but no statement is 
made regarding tlie age of the spores, where they were from, or the tempera- 
ture at which they were incubated. It is, however, evident that they were 
not given the most favourable conditions for growth. 

I have myself performed the following experiments on the thermal death 
point of the spores : 

Method. Test tabes containing bouillon were placed in boiling water. 
Thiee loopfnls of oultnre were introduced into each of the tnbes ; and tubes, 



SesulU 1. Spores from a teven montha old culture in boailloa were 
killed at a temperatnre of 100° in 1 hoar and 20 minates. 

H. Bporea from a 2^ montha old oultare on agar were killed in two honn 
and a half. 

3. Sporea from agar nine days old, — ilight growth after 3 hours and i5 
minates ; no giowth after three honra. 

i. Spores 11 dafs olil and 21 dajs old, — in each case after two bouts 
boiling, one of the duplicate tnbes formed a growth ; anothi?r after 2^ hoars, 
whilst (be remainder had uo growth. All were hilled in 3 hours. 

I aied also fine capillary glass tubes! A snspenuon of the spores in 
water «as drawn up into sterile tabes, which were then sealed at bath ends, 
The tulxB weie placed in boiling water and withdrawn at siated intervals. 
The contents of the tubes were then introduced into agur, which was inca- 
hated at 37''0. ; and great care was taken to have a anspension of the spores 
by filtering Ihem through glaiis wool. 

The results were : With a temperalnre of 98°C. (about the boiling point 
in this locality), spores from a 7 days' old culture on agar were killed in 3| 
hours ; and spores from agar 9 days old were killed in 3 hoars. 

Another experiment was made to determine the thermal death point in 
honey. The honey was of two kinds, clover and buckwbeat The former 
had a specific gravity of 1.042 at 60°C. and contained 0.057% of formic acid, 
while the latter had a specific gravity of 1.040 at dO'C. and oonCained 0.170% 
of tot Jiio aoid. The spores used were from agar three weeks old, and three 
methods were followed : 

1. Silk threads with dry spores thereon ; 2. Test tabes containing honey 
with a heavy inooulatton of spores ; 3. Oapillary tabes containing a sngpea- 
non of spores in distilled water, The spores used were not filtered tbroagh 
sterile glass wool, as it seemed desirable to imitate as far as possible the cmi- 
ditions met with in infected honey. The following are the results : 

1. 'i^Uk thread* loith dried aporei, /r&m an agar ettlture two loeeke <M. 
Time. Temperature. ReruU. 

15 minutes IIS^G. growth. 

30 '■ 113 '■ 

45 " 115 " 

60 " 113 " 



1 hour 16 minutes . 



2, Tubea containing honey and aporea iniaxd toqetker. 
JO minutes IIS^C growth. 



1 hour 15 minutes . 



_iooglc 



2 honrB IIS'C firowth. 

t " 16 miunteit ... 116 " " 

2 " 30 " 115" ,iionroirth. 

2 " 45 " .. 115 " 

3. Capillary tube* with tporsi in dittUhd wattr. 

30 mintttM IH^O. growth. 

1 hour 114 " 

1 " 30ininttt«g 114" " 

2lioar8 114" " 

2 " 16 tninntea ... 115" " 

2 « 30 " .. 115 " " 

2 " 46 " 115" no growth. 

The temperatares were tftken in a Urge tbbmI oontaining 10 pounds of 
boiling honey. The experiment was repeated, using bnckwheat hone; iostead 
of clover and with like resnlts. 

Relation to Light. A few expsrimenta were made to aicertaln the 
behaviour of iporea toward light. Covergluaea spread with spores and dried, 
-were exposed to bright BDnli|;ht daring the month of Febrnary. The expo- 
anie was in the "pan air and the glasws were on black tile. Tbe temperature 
varied from — 12° C. to — 22° After exposure, the glasses were placed film 
aide downwards on agar plates, and then incubated at 3T* C. 
Time. Resalt. 

Remits — 3 honrs Bnnli|;bb Abundant growth in 16 hooTS 



These experiments were repeated in September, when the ontside tem- 
perature varied from 24° to 30° 0., with the result, that ^ere was growth 
after 4, 6, and 7 hours' exposure. 

Agar plates espoBod aft^r inoculation showed great differenofa For 
instances, spores 21 days old was killed by 6 hours' exposure, whilst plates 
made the day after with spores 2 months and 21 days old, required 7 hours' 
exposure. Sporfs 10 days old showed no frrowth after 6 hoars' exposure ; 
and spores 5 days old, no growth after 6 hours' exposure. From a large num- 
ber ot determinations, the average length of exposure necessary to kill spores 
within the above range of temperatnie was found to be 5 honrs. 

Vitality on various media. The cultures seem to live longer on agar 
than in liquid media. The vitality of old gelatine and bouillon cultures 
seems to be lessened by the products of tbe bacilli groiriDg in these media. 
The ppores taken from these sources have also deoreostd resisting power. 

Effect of growth on reaction of media. Ordinary bouillon becomes slightly 
more alkaline as growth proceeds, the presence of ammonia being detected 
by Neesler'B reagent ; bat control bouillon does not givd the reaction. In 
bouillon, with the addition of glycerine and various sugars, the acidity 
of tbe media is increased, but more in the case of glucose broth than in any 
other. In these experiments accurate titration was made with phenolphtalein 
OS indicator. Cheyne tried the reaction, ■'making tbe infusions faintly 
alkaline, and after tbe growth of this organism in it, it is faintly alkaline." 

Sensitiveneea to ArUisepliea and Gertnicidei. This subject ia taken np 
in connection with the chemical remedies ueed for the disease. 

Palhogenesie. Besides being pathogenic to the larvae of beefi, Cheyne 
has inoculated two mice and one rabbit with spore-bearing cultivations with- 
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oat effect. " Hftlf a a7rinfi«fal of « spore-brariag cnltivfttioD Injected into 
the dorsal anbcntanpoas tinoe of each of two mice reanlttd in the death of 
one of them in 23 honrs, while the other oeemed unaffected. In the cmk of 
the monie which died, the seat of injection end the neigbbooring cellular 
tisane wae found to be very oedematons ; bat no mioroecopic changes were 
apparent in the internal organs. Nameraoa bacilli were foand in the 
the cedematoni liquid, as also a nnmber of aporea which had apronted ; and 
there were likewise a few bacilli in the blood taken from the heart. This 
was proved hj caltivatios aa well aa by microscopic examination. On 
examining KolionB of varions organs no morbid changes were found, and only 
a few bacilli were seen in the blood vessels. A. syriugefnl of the same col- 
tnre was injected into a gainea pig ; and the animal died 6 days later, with 
extentiTe neorosis of the mnsctilar tissue and akin ; and oheetiy looking 
patches were distribnted through it, but there was no trne pas. On making 
seotions ot the necrosed tissne, nnmerons bacilli, apparently B. alvet, wers 
seen ; bnt there were a1>0 other bacilli and micrococci. No micro- organ ih ma 
were seen in the internal organs. It thns remains questionable whether 
the necrosis was due to B. alvei or not, more especially as I have sinos 
injected three guinea pigs sabcutaneonaly with spore bearing cultivation, bit 
without effect. 

"Thefffectof foeding flies with material containing spores reanlts in 
death of the flies, and bacilli were found in its juices as shewn by the micro- 
scopic examination and cultivation. ' Cockroaches were not killed " (28). 

Flyblow larvae fed for three days on spores were not killed. Will) 
regard to the prevalenoe of the disease amongst wild heee, very little can b« 
found on this subject in bee literature, but a correspondent of the Britith 
See Journal (43) found the disease among wild bee larvae ia a tree, recognis- 
ing it by the smell from the entrance and also from the appearance of the 
brood in the combs. The correspondent remarks that this tree had probably 
in former jears been the cause of a great deal of trouble to neighbouring Ixe 
keepers. In all probabilitj the disease is present among the various varietiH 
of wild bees and wasps. Knight (54) meutions an epedemio among «wp* 
in 1807 1 Kirby & Spence (56) another in 1816 ; and Bevan (13) one in 1824; 
but in none of these cases was any positive evidenoa given to show tbs 
epidemic was foal brood . 

Economic Aspbots. 

Losses. Delia Kocoa (ioc. cit.) in 1790 stated that the whole of the bees 
in the Island of Syra were carried away durlDfc 1777 to 1780 by the disease, 
Dzierzon (46) relates his IwB^a from tbe disease. In 1868 he lost bis entire 
apairy of 600 colonies from it. In Switzerland, the disease, at times, is 
extremely bad. Bertrand's apiaries have sofiered severely, and the German 
papers make constant reference to its devastation. In England, Cowaa|(4) 
thinks that the "only visible hindrance to the rapid expansion of the bee 
industry is the prevalence of this pestilential disease which is so rapidly spread- 
ing over the country as to make bee-kepping a hazardous occupation "; and 
i^^ain, (47) " So rapidly has foul brood spread by contagion that in one sea- 
son, nnl€se precautions are taken, a whole neighborhood may become seriously 
infected, and the chances of succeesfal beekeeping seriously imperilled, if not 
utterly destroyed. 

Tbe committee on the Beekeeping Industry and Foul Brood in the 
United Kingdom, report that the destruction o( stock by foul brood and tlie 
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duooaragemeat Miiing therefrom ia one of the two inflaenoea that retnrd the 
derelopment of tfae bee indmtrj. 

Ia the United SCatea^ eeriouB harm hu been doan, but no deGnite stfttU- 
tics oaB.be ott^ The diseMe oftnaes great lonea and several States have 
enacted laws for the prepeulion of the disease, making it a lesal off^jaoe for m 
petson to keep ia his apiary a ooIodj of bees affected with foal brood. 

In Canada, tbe Ontario Foal Brood Inepeotor (S6) reports in the jears 
18901892 inclasivp, 622 apiaries inspeoted and 2,396 oases; in tbe years 
1893-1898, 527 apiaries inspected and the disease present in 212. or aboot 40 
per cent, 

In New Zealand aad Anatrslia, the disease is looked upon as being very 
iride spread. It will thus be seen that wherever bees are kept, serious losses 
Are cansedscnaally by this disease. 

Nataral method of Infection. With regard to the natural methods of 
infection, a good deal depends on the natural predirpisition of the bees to 
disease and the state of health of the colony. Weak, sickly, or badly nour- 
ished bees are as a rale the most ausoepsible. We mnat also remember that 
germs themaelvea vary in their ability to produce ditease. As in 
diphtheria, we mar get a light or severe type of the disease ; so also in foul 
brood, we may have a light or a severe attack ; bnt the facts demonstrating 
wt well known ; I have, however, notioed 
S. atwi in which more than 30 transfers 
with spores have been given to bees in 
I lias seemed to be considerably impaired, 

id with was rather weak, was confined to 
[ht only in tfae evoMise, and the spores 
rap every day. nevertbelfss it was several 
itself, and then only in a light form So 
lies and the liability to take the disease 
loes or otherwise nntsvonrably modifying 
uea, they saooamb more easily to the dis- 
' condition. 

which the disease is carried from hive to 

larvae are meet nsaally sSected by the 

> that the tramp of the bees frequently 

ly aboat in the air and rettle here and 

1 think that in comparison wiib other 

I usually not very much danger from this 

spores are generally found in very sticky 

surroundings, whiob, ev^en if drr, servei to fix and keep them in eiiu. Gbes- 

ehire also states that he has not found the bacillus from honey or pollen in 

infected hives. This statement, however, is directly contradicted by the 

experience of practical beekeepers and others. 1 h«ve myself repeatedly 

found B. alvei in capped honey cells, and in the pollen mai^ses found in 

diseased hives, the examination in the former cise having been made by 

removing the capping with eteriliz'id forceps and pluni{ing a heited platinam 

needle into it and tbeu putting the needle into melted agar, from which plates 

were ponred, cooled and incubated. 

Probably^the chief method of carrying tbe diseise from one hive to 
another is by the bees from healthy hives robbing colonies that hive become 
weak and diseased. Ia such cases the robbers carry with them t'ln germi of the 
disease. There is likely nothing to be feared from using wax foundatioa 
fr^m the resniar makera ; for, aa we have already stated, the wax, in the 
2—112 
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prooeM of mkkiDK, is subjected to k tempentnre Bnfficientl; high to kill M17 
sporei tbkt m%y be present, 

I may Kdd thdt I foaad sporea of B. alvsi id two aamplei of wax nent 
me by B. F. Holtermftnii of the Canadian Bte JouvTtal, but both aamplei 
were from hivea which were very badly iafeoled with the disease. 

In 1897, about ten pounds of wax was infected with large nnmbers of 
■poies grown npon agar. The wax was cat up into smaU pieces, and heated 
ata low temperfttnre, only jost infficient to melt it; and ai McKenEie (26) 
had shown that the spores settled to the bottom, the wac was vigoronsly 
stirred from the time the spores were added natil it had set again. The mx, 
thus infected, was sent to Holtermann for fonndation- making. He mann- 
faotnred it by the nenal proceti of melting and gave the foundation made 
from it to bees, and no foal br'>od developed in the colony eapplied with it 
during the years 1697 and 1898 The probability is that thespores are fixed 
in the was, and are thos unable to infect the bees. 

Healthy bees may pick np spores of B. alvei from flowers previously 
visited by diseaa«d bees ; wasps, which ore noted robbers, may also carry At 
disease, and thus infect a locality. 

The very large traffic in bees and bee-keeping supplies where agrionltUR 
ifl carried on, probably fovors the spread of the disease, [n fact, manj 
instances are cited in bee journals of infection carried from one locality to 
another by the importation of bees and bee snpplies. 

Fersops maaipnlating diseased hives and then examining healthy ones may 
be the means of spreading the disease. The proccioe of using a knife for 
catting out diseased comb and then using the same kuife for work amongst 
healthy comb (which I have seen done) is by no means wise, as the sporea 
may thus be transferred from diseased to healthy hives. Cowan (4) observes 
that beekeepers who have not succeeded with their bees in consequence of 
foul brood have beeakno^n to sell by auction hives in which the bees hm 
died. In snoh cases the pnrcliaseni are usually beginners who have no idas of 
the danger they are incurring. 

Conditions /avorina the tpnad of At DittoM, Besides the veak o> 
badly nourished condition in wtaidi bees may be, and lack of other hygenic 
conditions which favour the spread of this disease, great humidity in winter 
is said to be favourable aud probably great heat is also condnclve. (45.) 

Prediiponlion uf Varieties. No definite statements can be made ai to 
the prediipoaition of various races to tbu disease. Quiuby (49) says thtt 
black bees are more subject to foul brood than Italians. Aspinall (61) sUo 
affirms that common bses are more liable to the disease than Italians, but de 
Layens (47) states Uiat Italians are more easily infected than black bees. 
(See also page 17.) 

Rehbdies. 

Three remedies have been tried : 

1. Stamping out. 
, 3. Starvation. 

3. Treatment by chemicals : (a) by feeding chemicals in food ; 
(b) by putting certain chemical subBtances into the hive 
and allowing ^em to evaporate at the temperature of the 
hire. This latter method may be regarded as rathra prerea- 
titive than curative. 
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1. Stamping out MUhod. Bj the ttkaipiag oat method all affeoted 
bees, oombe and framei are deitroyed, and the hivei thoroughly diainfeotad. 
Oowan (4) thinks that if fool brood were andei government inspection, and 
all casea promptlj dealt with by destruotion, the diaeaae could be stamped 
oat The British Bee-E-eppers' ABBOciation has uked the Board of ^grionl- 
tore to secure Irgislation on this line, beoanee it thinks that in this way the 
trouble would be removed and the indattry would receive an impetus which 
would benefit bee-keepers, farmers and fruit growers. 

The earliest advocate of this system was Delia Roooa (18), who main- 
tained " in extreme cases that it wbb necessary to bum everything without 
pity, as there was no other resource, '' Since Delia H-^oca's time, this method 
has been fre^^aently resorted to in severe cases that would not yield to treat- 
ment either b; starvation or by the nee of chemicals ; but to have any lasting 
effdot, it would have to be universally carried out, and would involve the ' 
difficult qaestioa of compensation. 

2. Starvatitm Methods. The starvation method waa first proposed by 
Schirach (3) who advised that the combs be removed and bees allowed to fast 
daring two days, Mid then be placed upon clean new comb, and fed on a aymp 
prepared with a little hot water mixed with honey, nutmeg and saffron. 

Since Schirach's time different modiGcations of this method have been 
made, and it has been largely need in the United Statee and Canada, whilst 
in Europe treatment by medicated syrups has been more in vogue. In 1879 
Ii. 0. Boot (S8) gave his approval to this method, but he advised that the 
bees be confined in a cool, dark place tor 24 hours, in order that ail the honey 
wDich they carried with them might be oonsnmed, and that the bees be then 
put into a hive filled with healthy comb or foundation and the oonderoned 
hive scalded with boiling water and thoroughly scraped. At a later date 
McEvoy (44), the Ontario Proviaoial f.^al brood inspeoUjr, introduced another 
modiGoation and hu himself dasoribed hi« method aa folbw* : " In th i 
"honey saason, when the b^ei are gathering fr-iely, remive th) combs in th? 
"evening and shake the baes into their own hives; give them frames with 
"omb foundation starters on and let them baild comb tor tour days. The 
" bees will make tha starters into comb during the fanr days aud store the 
" diseased honey in them, which they took with them from the old oomb. 
"Then in the evening of the foarth d«y take oat the new combs and give 
" them comb foundation to work out, and Chen the cure will be complete 
" By this method of treatment all the diseased honey is removed from the 
" bees before the full sheets of foundation are worked out. All the old foal 
"brood combs must be burned or made into wax after they are removed 
" from the hives, and all the new combs made out of the starters during the 
" four days must be barned or made into wax, on aocoant of the diseased 
" honey that would be stored in them. 

" All the curing or treating of diseased colonies should be done in the 
" evening, m as not to have any robbing done or cause any of the bees from 
" the diseased colonies to mix and go with bees of sound colonies. By doing 
*■ all the work in the evening it ^ives the bees a chance to settle down nicely 
" before morning and then there is no confusion or trouble. 

" This same method of curing colonies of foul brood can be carried on at 
" any time from May to October, when the bees are not gathering any honey 
" by feeding plenty of maple syrup in the evenings to take the place of the 
" honey flow, 

"It will set the bees robbing and spread the disease to work with foal 
" broody ooloniea in warm d hys,when bees are not gathering honey.aad for that 
"reason all work must be done in the evenings, when no bees acg4yinK(iv 
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" Where the diMMed colonies are irekk in best, pat the beei in two, 
** three or tonr toftether, bo u to get » f;ood aJsed awwrn to atut the care with, 
" u it doea aot pa; to ipend lime fniaing with little weak colonies. 

" When the beei are not gathering honey, may apiftrj oan be cared of 
" tonl brood by removing the diMued oomba in the eTenlng, and giving the 
" berB frames with comb (onndation atartera on. Then, alao, in the evening 
" feed the faeea p'enty of BOgar a; mp, and the; will draw out the fonndation 
" and Btore the diseased honej which they took with them from the old comba ; 
'' in the foarth evening remove the new combs made ont of the Btartera and 
" give the bees foil sh^eta of oomb fonudation and feed plenty of sugar ayrnp 
" each evening until every oolony is in first-clsBS order. 

" Make the syrup out of granulated sugar and pnt one pound of water to 
"every two pounds of angar, and then bring it to a boil As previonaly 
" slated, all the old oomba mast be burned or made into wax when removed 
" from the hives, and so maat all the new combs made during the four daya. 

" The empty hivea that had foni brood in them do not need any disin- 
" feotant in any way. I have handled many hundreds ct solonies in tbe Pro- 
" vinoe of Ontario and cured them of fonl brood without getting a single hive 
" aoalded or dislnfeoted in any way, and these ooloniea are cured right Id the 
" same old hives." 

lloEvoy positively states that " No colony can be cnred of fonl brood by 
*■ the use of auy drug. All the old combo mnat be removed froat every dis- 
" eased colony and the hive got away from the beea before brood rearing if 
" commeDoed in the new clean combs." 

Howard (10) is most emphatically opposed to the drug treatment. " I 
regard," says he, " the. use of aqy and all drugs in the treatment of fonl brood 
as a useless waate of time and material, wholly ineffectnai, inviting rain and 
total loaa of bees. Any method which has not for its object the entire re- 
moval of all infeotions materiel beyond the reach of both bees and brood will 
prove detrimental and destmotive and surely encourage the recarrenoe of the 
disease." 

A. I. Root (15) says that " The starvation plan in connection with burn- 
ing the oombs and frames and boiling the hives has worked best in treating 
foul brood. It never reappeared after such treatment, though it did in all cases 
where the hives were not boiled, thus confirming the theory or fact of epores." 

These two authors, therefore, go further than MoEroy in both a-dvisiog 
the disinfection of the hives. 

McEvoy (56), however, admits that his method as described above cannot 
he used for eveiy case. His reports frequently refer to bnr>ted coloniee j and 
he acknowledges that hia method does not alva^s cure. In 1890 he used the 
expresaioD, " 600 cases of foul brood and over 360 cured " ; and again in a 
Bubsequent report, after mentioning the number of case), he added the words, 
" mostly curtd " 

In a personal commuaioa'iin, M. Bertrand of Kyon, S ivitzerland, states 
that be does not, beHnve in aud will n'^t recommend in his periodical {Revue 
Intemafionale d' Apie'tUiire) the starvation method aa used in Amerios. 

i. Treatment by Cftemicais — En the treatment of bees by chemicals, we 
assume that such suhatance.s as are used are employed as aatiseptios, and that 
their efficiency is due to the inat bh%t they destroy the bacillaa or prevent the 
germination of the aporer, and thns bring about an internal disinfection ; but 
we must remember that many of the substanoea used are more poisonona in 
their effects upon the cells of the bee than upon B. alvei. Aa ia *ell known, 
quinine is tnqaently used ai a specific for malaria; and ia snob caiaa the 
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core ia eSdoted bj the Iat«rreation of the b )dj oall. The cfi-'otirea^M of the 
rempc^y is doe to tfae fact that it acts h ft Btimutne ftad exftlU the natnnU 
loicea of the body. 

Whether the drogi ured in the treatment of foal brood act ftQtJMptiaftllj 
or by atimiilating the c<-lls of the bee and making them more BO'ire to mrd 
off the di»eaae, is amatter of dcnbt ; but it mokt be admftted that certain 
drnga dn s>em to efiVct a carp, and kome of them are regarded aa ipeoifica by 
practical beekeepers. 

In taking up the diff'^rent mrlhoda of chemical treatment, I ifaall ai far 
as possible describe them in the chronoloj^osl order. 

(1) Carbolic add. Carbolic acid wss first proposed by BatkroK (62), 
irho recommtnded oue part of acid to 600 of sjrnp, this proportion being the 
limit in which one caa give the remedy to beea. Ceoh (63) in a work 
pnblished in 1K77, alto recomm^iidtd carbolic aoid 

The Ohtshire treatment (26) contiata in astni; a treatment containiug half 
a decilitre of carbolic aciil in a JiCre of witer, thoroaghly shakinfi it up nntil 
the acid is en irely dissolved, and naing half a decilitre of this in a litre of 
ayrnp. In this treatm^^nt it ia also neoOHsary to rednan the infected atook to 
the niiinb< r of framea it can nae, and it ihe qaeen is d<M>se1 to dealroy her 
and snbatitn'e a healthy one. Tfae ajmp ia given by ponring it into the 
empty cells of the brood ne«t. 

This method of treatment hia been frequently reprrted to be snooeaatol ; 
hot ibeie have been n<any failnrea, ptrhups partly owing to the fact that it is 
ncHicHted syrop 

Value of Carbolio Atsid Aooording to 
lie acid does not killtba sporeainsis days, 
evented the germination of the spores, bnt 
placed in ordinary beef broth it gave 
ie thinka that the explanation of the value 
it of foal bro >d oonaists in preventing the 
I janmals refer to nnmeroua inatanoea in 
liiced an improvement in diseaaed atock ; 
], the dieease broke ont afresh, 
ftoid treatment waa firat used by Hilbeii 
lod of use : 

lalycylic aoid, 13J grama; alcohol, 100 
grama. 
Bolntion of Hilbcrt No. 3 — 200 drops of solution No. 1 (about fire grams) 

in 200 grams of distilled water or rain water. 
Fnmigation — One or two grama of the pare acid for famigation. 
Syrap — From 200 to 210 drops of Solution No. 1 {ra abonC 6 to 6 grama) in 
a litre of symp, well mixed before the syrap oooIb. 
Aa soon aa the disease ia noticed the hive is disinfected and the aymp 
fed ; and this treatment ia alao used for other colonies aa a preventive treat- 
ment The fumigation is acoomplished in a kind of tin lantern famished 
with a email alcohol lamp, suspended over which is a small movable trough 
for placing the aoid in. The flame (<f the lamp ia regulated in sach a manner 
that the acid is liquified and slowly evaporated without burning. Too great 
best will decompose it and render it ineffective. Tbe fames of the acid 
spread throngh the hive in the form of a white vapour. Whilst the fumi- 
gation ia in progress tbe entrance boards and all parts that can be disinfected 
are washed with No 2 solution. Famigation and washing are repeated 
every 4 or 5 daya nntil a core is effected. The diseaaed coloniea receive. 



every second evenin;:, ( of » litre of txAd ayrap ; ftnd tl; ia wiae to i(ive the 
Mme trefttment to the Deighboiiriim hiveo. A. onre is luiiaUy efieoted in 
3 or 4 weeka. If Iftter, it i« geaerkllj re^rded u k itga that tha qaeen ia 
diseued, in whiah case it would be well to replkce her. Oooftdonklly the 
qneens die duritif; the treatment ; bnt this ii not freqneat. 

Thia treatment waa yerj sncceiafal in diieased hives belonging to 
Bertrand (69) All the hives that were treated, were cured. Cowan (60), 
who has also nsed Hilbert'a treatment with some alight modifioations, has 
had the same saoceBB ; and sauh ia hia confidenoe in the treatment that he 
does not fear to introdnoe into hia apiary foal brood ooloniea for treatment. 
Some have fonnd the treatment ineffective ; but Bertrand thinks (69) that 
in all aach case* there baa been aomething lacking in the work, aome preoKa- 
tions overlooked or neglectRd. 

ExptrimenU oh the antueptic value of »dlyeylie acid. Salycylio aoid 4gRr 
Traa made oontaintng 5 grama of 12} per cent, aolntioa of salyoylic aoid in 
«we litre or aiiar. Petrie platea were made from this and streaked on tha 
aniface with B. alvei. At the same time control onltvrea on ordinary agar 
were mad«>. The reanlts were abundant growth on the control plates and 
good growth, (bnt somewhat Iraa than on the control platea) on the aalycjlic 
a<dd agar, 

SalycyUe acid Vwpowr. One gram of the aoid was evaporated ia oar 
laboratory according to the directioni given by Bertraad (59), in a box about 
the same size as a hive. Agar platea streaked with spores of B. cUvei vers 
left in difierent parts of tfae box daring the fumigation for 10 minutes. 
The plates were then taken out, the covers put on and the platea incubated 
at 37°0. for 48 hours. 

Rendu. Fumigated pUtei — no growth. 

Oontrol platea — ibaudaut growth. 

From these experiments it will be seen that the vapour of aalyoylio aeid 
acts antiMptically, and that the feeding of the aoid in the syrup, in the propo^ 
'tioDS specified, probably acts as a stimulant to the bees, enabling them to 
withstand or throw off the disease, 

(3) Camphor. Oiaipow (61) was the first to use camphor aa a curative; 
and Berttand (59) deacribea the use of it as follows : " i?here ia," aays be, 
" placed upon the bottom board of the hive, eareloped in a piece of mnalio, 
"a piece of camphor about the size of a walnut, which ia replaced when it has 
"evaporated. The presence of the camphor permits the bees to clean out the 
'' cells containing dead larvee and stop the development of the disease. So 
" long as a hive contains some of tbe substance foul brood will not develop, 
' at least aoooTding to our experience and to that of several other beekeepers. 
" The first thing to do then, when one doubts the state of health of a colony, 
" is to emplov the Oaaipow remedy bffora proceeding to more radical meana. 
" One can admiiiiater camphor in food by disaolving it in its own weight of 
"alcohol," 

Bxperimenta on the antUeptia value of Camphor. Sloped agar in tnbas 
was inoculated with one toopfui of spores oi B. alvei, and a crystal of cam- 
phor about the size of a large pea was dropped ia^o the tabe. The tub-is 
were then capped with tin foil paper and kept ac 22°0, and ST^O.; and 
control cultures were made at the same time. At 22*^0., after two days, 
there was good growth in the camphor tube. At 37°0, after two days, com 
pared with the control tube, tbe camphor tube showed alight restriction of 
growth, tbe extra beat having evaporated tbe camphor more qiickly. 

Another seriea was made by using agar Petri plates atreakod with '2 



loopfala ot iporei. In eMli pUte w»a pUoed a portion of camphor kbont the 
sfze of ft large pM ; and the pUt«a were inoabated at ^T'C. In 21 boon 
there was gocd growth ; bnt oloae to the Inmp of camphor, growth was 
alightl; inhibited. 

lima, eamplKff in the qoantitf in which it might be kept in a hive has 
no antiieptio effect, tlie amount nied in the (zperimenta being far larger 
than would be uaed in a hive. This enbstauce, therefore, if it has the effect 
mentioned bj those who hare nsed it, must act at a stimulant, strengthening 
the bees to overcome the dispase. 

^i) Thym«. Elempin (62) has oied branches of dry thyme with sncoess, 
burning them in the smoker (or disinfeoting his hivei ; but their effect, like that 
camphor, is not radical, and beekeepers are not all in scoord as to their 
effioaey. 

(6) In connection with thyme ihpmol may be mentioned. Zehetmayr 
(63) has recommended the use of thymol, and has made a little maohine by 
wliioh he ateama the bees with this anbstance. If a little of it la placed in a 
hive it «ill prevent infection, beosuse bees from uninfeoted hives will not 
come near it, — they objtct to the amell, until they become *oouitomed to it 
Blow (63) thinks it very valuable, and Jones [66) remacfca that, even in great 
dilution, it prevents the growth ijf the germ ; bnt Cowan criticises its ooe, 
beoaose it is disagreeable to bees, and it used in sufficient quantity, acts at a 

ood in food, 

valve of Thymol. Crystals of thymol were 
r in onr laboratory and inoculated with one 
heee were capped with tin foil paper and 

ndant growth. 

0. — alight growth. 

[}. — very alight growth. 

aked with two loopfala of aporee of £. t^vei, 

; and a piece of thymol the size of a large 

le plates wern iaonbated at 37°, along with 

results : 

ndant growth 

id growth, bnt close to the lump, no growth, 
substanoe haa a very slight anuseptio effect. 

f. These substanoea were first used by 

ied as follows: — "A piece of felt wool ia 
placed in a small box, and aoaked with a mix'ure of carbolic acid and Nor- 
wegan tar, in equal proportiona The cover of the hive is slightly raised, in 
order to permit cf the evaparatioa of the carbolic acid. The bos is left upon 
the platform of tho hive beneath the brood, and remaina there permanently. 
The dose can be reneved as often as required. The addition of tar to the 
acid ia for the purpose of making evaporation take place more slowly." This 
remedy haa not been used to a very great extent Borel (67) reports success 
with it ; but others have not bad the same results, and it is probable that it 
should be used only as a preventive. 

£xpsriments on the antiseptic value of Carbolic Acid and Tar. Pour 
dropi of the mixture placed on blotting paper and inseriied in a Petri dish 
containing agar streaked with spores, inhibited growth, from which we see 
that the mixture is antiseptic. 

(7) Oreolin or Phenyle. Creolin has been recommended by Cowan (68) 
and has been used with success by other apiculturists. 
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Secijm : Solntina No 1 — for sprinkliap, diiinfeoting, etc — Wf » tes- 
tpoonfnl of soluble onolln in a Hire of waUr. 

Solatioa No. 2 For onshiiig tuvei, plft'.fnrniB, tto. — two teMpooDfoIa of 
aolable creoliu to & litre of water. 

Solution No. 3 — for feeding — a qaarter of a tefipoonfnl of aolable 
oreolin in a litre of ayrnp. 

The water of the syrap ooght always to be poared npon the top of the 
creolin and thorongblj mixed with it ; and the mixtnre should bi well shaken 
before aainir. 

Urn Prepare a hive and a proper floor board, which hu been washed 
with aolatioo' No. 2. Then, after having taken ont the comb from th" iofected 
hive, shake ofi the he's, and sprinkle the comb with solation No. 1. Take 
ont all soperflnons comb and sprajr it with lolntion No. 3, and extract the 
honey from it. The honey can then be boiled, and if it is nied for feeding 
the bees, it can be dilated and phenol added in the proportion of one quarter 
to a teaspoonfal to a litre of the dilated honey. The oombj are then put 
back and the bees fed with medioated ijrnp. If the bees take the syrnp, the 
doee can be gradually increased ; bnt we mnst be careful not to give more 
than one teaapoonfol to a litre of syrup. If the bees refuse to tonoh it^ 
which is not at all improbable, if they have acoeti to other food, poar the 
meticatpd sy rap upon the neighboring combs, when the bees will qoiokly 
become habitnated to it, and afterwards will take it in the ordinary manner. 
The vaponr of creolin also acts as a disinfeci-.ant. A small phial of concen- 
trated creolin may be placed in a comer of the hive, and lightly stopped 
with a cotton ping ; and the lower part of the ootton being in contact with 
the liquid, capillarity will take place and draw up the creolin, and the heat 
of the hive will prodnee.the necuaary -evafMura^n. .. A piece- of-blotting 
paper can be nsed by saturating it with creolin, and plscing it npoa the floor 
board or in a box covered with perforated zinc, so that the bees will not come 
Into contact with the disinfectant. 

Oreolia is neither poisonone nor corrouve for man ; but, in strong doses, it 
kills inserts. Consequently it is neueasary not to give greater strengths tinii 
those mentioned abovp. In the nne of this remedy it is neoeasary to ttima- 
late the prodnolJtHi of brood. by. feeding liberally with medicated syrap; if 
the disease dues not yield to tbis treatment the qneeo should be removed. 

Bxperimentt on the anlistptie valm of creolin. a. Sloped agar — each 
tube, inoculated with one loopfnl of spores, was plugged with cotton wool, 
saturated with creolin, and then cipped with lead foil Tubes ware kept at 
22" 0- and 37° C, 

Semtlt : After lour dsya at 22*^ C — No growth, except beneath the oandetua- 
tion water in the tubes. 
After four days at 37° C. — No growth. 
At the end of lh>8 time new oott«n plugs were inserted into the tnbea^in U>e 
place of the creolin ones, and the cultures again incubated, when good growth 
ensued in 24 hours. 

b. Agar plat's were made and streaked with two loopfnls of spores. In 
each pl^e was placed a square inch of ) hick blotting paper, with four drops 
of creolin on it. The plates were kept in the incubator at 37° O., and re- 
moved in 48 hours, when very sUifht pfrow^h was manifest. On removal of 
the oreolia and further incubation of the pistes, good growth was obtained. 
Control plates gave copious growth. These experimeats were repeated with 
only one drop of creolin. 

Result, after 24 hours — abundant growth. With two drops of creolin, 
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tbe grovth wM reattiotsl to the iooeoUtion traok kftor 49 honn at 37° 0. 

B. In kddiHon to the above experimftnto, kgv wm mtde ooiit«Ining the 
same proportion of disinfeotkiit m wm need in feeding th* beei of diesMed 
hivu ; 15 c. c of thii ag»r wh taken for nuk[n|; a plate onltura, and several 
platea were streaked with two loopfali of eporee, and ioonbated at 37° 0. 
Strength of agar, — 2 c. o. oreolin to 1 litre ti water, i&, about half a tea- 

spoonfol to a quart 
BesoHa — Oreolb agar, fonr tettt — no growth. 

Control agar, abandaot growth. 
Thia antiaei^tio in the atrength naed bj Oowan far feeding pnrpoeea, would 
prevent the germiaation of the aporea ; and if there was a large amount 
flvaporating in tbe hive, a slight antisepCio mvli wonld take place. 

(8) Btuiolypltu This aabitanoe was introdnoed b7 Beanrard (69). A 
amall tin box, with a cover pierced with small holes, is placed vpon the floor 
board of the diseased hive, and filled with enenoe of Enoalyptni. The colony 
receives ever; fonr or fire day > a litre of synip oootaining a traspoonfnl of 
tincture of eaoalTptns (oil enoalyptns, 1 ; aloobol, 9). Then from time to 
time some drops of the ssme tincture are dropped into the hive. Anberaon, 
who was tbe metayer of Berttand's Apiary and was managing his own higher 
np the monntaios, cored a number of oolonies by mesas of this method. Ha 
finds that then is a great difference in the effeot prodnced by the remedy. 
In some caies, the effaot foUowa the remedy quickly ; in others, the eflect is 
slower. Sometimes more than a year passes without resnlting in a complete 
cue. When the diuaae is of long standing, the remedy most be proportion- 
ate to the gravity of the evil. When there are only a few diseased cells, 
Anbeison simply pours some drops of the e ssence along the back wall of the 
hive. He renews the dose every eight days ] and in six weeks, sometimes 
Mxmer, the colony is cured. In oases where the hive it badly sffeoted, he 
takes a dean hive and floor board and impregnates the interior, floor board, 
and division bosrd with euoalyptns, and thui transfers oomba, brood, and 
bees to the new hiv& He leaves the foul brood colonies their rotten combs, 
us this is the only handy means of disinfeoting them. Three weeks later, 
during which be has twice poured eucalyptus on the floor board, he examines 
the new brood. If it exists in healthy patches he simply pours a few drops 
of the essence on the floor board until the care is complete. If, however, the 
fresh brood still disclose some diseased spots, the qneen ia killed and replaced 
by another, and every fifteen days the essence i& spread on the floor board 
until the cure ia completed. If the colony is very weak, he strengthens it 
by the addition of bees and healthy brood. If he bsa to feed a diseased hive, 
he never fails to pnt the essence in the syrap. 

Besides these well aatbentioated oases of core by the essence of euca- 
lyptus, there are a number of others, and the method has been extensively 
used in Europe. The great drawback to the use of thii remedy is that it is 
liable to cause robbing. 

Exp«rimeKta on the antwptic value of euealyptue. (a) Eucalyptus oil. 
The cotton plug of a Bporp-inoculated sloped agar tube was saturated with 
the oil. and incabnted at 37° 0. In eighty-fonr hours there was no growth, 
but a fresh plug being inserted good growth occurred in twenty-four hours. 

(6) Agar plates inoculated with spores and containing four drops of 
eucalyptus on a piece of blotting paper wre incubated at 37° C. Ko 
growth formed, but when the euosiyptua was removed good growth immedi- 
ately ensued. On plates containing two drops the growth was restricted to 
the inoculation track, but when the oil was removed abundant growth took 



pUoe. Oa plates containing ooe drop on blotting paper there wu abiuidaitt 
growth in twentj-foar honn. 

(e) EacalyptuB agar «m mode b; nting a tewpoonful [i cc.) of tincture 
of eaoslyptns to a litre of agar. Six plates were made with eaoalyptoi aRajr, 
each plate inoculated with tporee, with the reiolt that the growth on the 
medicated agar wu only slightly less that that on the control agar. The 
medicatrd agar smelt slightly, bat characteristically of eucalyptus oil. 

A Queensland (Anstraliii) correspondent of the Brttieh Bee /ournol (71) 
is of the opinion that no foal brood exists among bees in that country. The 
reason of tJtis is that the honey that goes into the combs is lari;e]y gathered 
from the eucalyptns, the medicinal qualities of which combat foolnesi in all 
forms. This statement, however, is not reliable, inasmuch as foul brood ia 
known to be prevalent in (Queensland. 

(9) Saplkol Seta. Napthol Beta was first used as a remedy by Lortat 
(72). The treatment is as follows : 

The drug is administered in the food, in the proportion of one-third of a 
gram to a litre. This one third of a gram is at first dissolved in a little 
alcohol, as it is extremely insoluble in water. Afierwords it is mixed in a 
litre of water, and this liquid is used for making the syrup. In England the 
usage is to dissolve the captbol in the sugar, the proportion being about forty 
to fifty centigrammes to a kilo of sugar. It is, however, better to dissolve it 
in alcohol. Lortet thinks that external treatment by means of fumigation or 
spraying is belpfal, as these methods oontribnte largely to the disinfection of 
hives, oomb, etc ; but as he believes that it is always the digestive eamU of 
the nurse bee which b infected and that it is by the act of feeding that the 
adult bee infects the digestive canal of the larvae, tlterefore all ffforts should 
be directed to the digestive canal of the worker bees, and the treatment 
ongfat to be internal ard as eneriietic as possible. He states that when 
administered in the proportion of 0,33 gram per 1,000 of liqnid it prevents 
all fermentation and decomposition and other changes caused by microbes. 
He further maintains that in addition to the use of this preparation first-rate 
hygienic conditions are necessary in order to give the b<eB vitality and 
recuperative power, which play an important part in enabling living organ- 
isms to resist the inroads of virulent microbes, 

McKenzie found tbat (28) a beef broth containing one per thonsand of 
B. Napthol prevented spores of £, alvei from germinating, and oonseqaeotly 
had an equal value with one per five hundred of onrbolic acid. 

This remedy has been widely used and with considerable success. 

Experiment* on the anliaeplie value of Napthol Beta. Naptbol Beta agar 
was made in our laboratory the samp strength as that recommended by Lortet 
for feeding, tbat is 0.33 gram B, Napthol to one litre of agar. Eight tests 
were made in Petri dishes, inoculated with epores of B. alvei, and in no case 
did groif th result ; from which we learn that a dilution of one-third of the 
Bolatioa used by McKenzie completely inhibited growth, Napthol Beta agar 
containing 0.165 gram of the drug to a litre of agir was also tried, and the 
result of a nomber of testa waa that some growth took place on the medicated 
plates and abundant growth on the control plates. 

From these experiments, also those of Lortet and McEenzie, it will be 
seen that Napthol Bets has a strong antiseptic action. 

(10) Naphthaline. This substance is regarded as a preventive rather 
than as a curative, although there are cases known in which it bos effected a 
onre of diseased hives, A small quantity of the drng is placed on the floor 
board of the hive, a crystal aboat 2 c m. in diameter as far from the entranoe 



27 

of the hive u potrible. The ev^wntioa ia nptd tad with veij atrong odosr. 

^enoe, if too nmob naed, the brood wilt be dmerted bj tho worken aod death 

of the bmi maj take plaoe. As >oon h the dote hM evaporated it ii 

renewed. 

As a preTantive, napbthaliDe bai been Tary favoarablj reported apoa by 

n namber of writera ; and Cowan (73) ttatea that he inapeoted very thoroogh- 

ly a hive belonging to Meraey which had been oa/«d by thia anbita&oe. 

ExtperimenU. In oar laboratory, cryatala of naphthaline about the die of 
a large pea were pat into teit tnoea oontaintng alopad agar, inooalateil wl^h 
one loopfal of aporee, capped with tin foil paper and kept at 22° and 37° C. 

BmuUi. After 18 honni — good growth in all tnbea. Inoculated agar 
platea containing a cryatal of naphthaline likewiie gave good growth in 21 
hoara at 37° , aa did a'ao the oontrol tabea and plates. Hence, we con- 
einde that naphthaline hai no antiseptic power ; and we are (oroed to look 
npon ita nse rather donbtfallj. It may, perhapi, act aa a atimalant. 

(11) Formic acid. This anbatance waa firat anggeated by Dennler in 
1S85 {71), bnt he did not asoertain the atrength in which it oonid ba naed. 
Spronle (7fi) atatea, that aince the year 1862 he bad ancoetstnlly treated foni 
brood with foroiio acid. He wu the first apicultariat to nse the remedy and 
give the treatment The aolntion naed is pare acid, 10 parts \ water, 90 

- parts ; and the treatment ia aa follows : — 

A part of the comb ia taken from the hive and aa many bees aa possible 
ore shaken from the diieaaed oomb ; and then two or thi«e empty combs are 
need, into one of the aides of which 100 grama of the solution are ponifed, 
while it is held inclined ao aa to allow the liquid to run into the cells Mid atay 
there. These oombs are placed on each side of the brood, the aide oontaining 
the aolntion nest the brood. Eight or ten days sf tor, an inspection is made ; 
and if thire is no cnre, the dose ia renewed and continued every week until 
the cure is complete, whiih is often after the first treatment. In fact the 
disease rarely resists the second or third application. To hasten the cure, 
this remedy can be given in tbs food of the beea — a teaipionfnl to a litre of 
ayrup. 

Expsrimeta» Formic acid probably has an important rdle to play in the 
keeping properties o( honey. Aa long ago aa 1878, formic acid waa found in 
honey ; and Mublenboff (76) observed that when hon«y is cot iutecded for im- 
mediate use, the bee deposits in each cell a drop of formic acid, secreted by 
the venom gland*, and then aeals the cell. Erlenmeyer (77) says that formic 
acid of the strength of 1.205 gr. to a thoniand parts of water was autiseptia, 
Pluita (7e) refutes Muhlenhoff's idea that 100 grama of sealed honey con- 
tains .0186 grams of 22% formic acid. " 100 grama is the capacity of 165 
worker uelle, bat the emallegt droplet of venom contains at least .0254 grams 
of formic acid, which woald make for 165 crIIs, 1 1910 grams ; thit is to say, 
200 timea more than there ia io reality " Thia opioion is, however, contrary 
to one expressed before by the same wiiter, in the year 1884 (79). 

Pormic acid aeems to help bees to ward ofi the disease, especially when 
■we supply it to them ready made ; and that found in certain kinda of honey 
has probably an antiseptic effect. Two saaplfs of clover honey and two 
■amples of buckwheat honey were analyzed in our chemical laboratory with the 
followiuK results r— 

1 Buckwhrat honey 15 grains of formic acid in 100 grains of honey. 

2 " 0,17 " " " " 

1 Clover honey 0579 " " " " 

2 " 0057 " " " " 
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Fortnio ftoid agar wu then made ooDtaininx the Bame proportion of 
formio Boid aa was foaad in the Brat sample oF buckwheat honey, and weaker 
formic acid agar oontaininf; the same parcentase ol formij acid as was present 
in the first aample of clover honey; and tpitea placed npon the stronger 
formic agar did not germinatf, wbUe on the weaker formic agar the germina- 
tion was only slightly retarded ; and after the weaker agar was two days in 
the incnbator, there was a larj^e growtb. Spores transferred from the strong 
formic agar (after being in contact with it fur six days in the incnbator) failed 
tO'g^w on the weaker formic agar within two days ; bat after four days in 
the incnbator they grew abundantly. The cnltnre growing on the weaker 
formio agar waa then transferred to the atrong formic agar, to ascertain 
whether the germ could be accnstomed to more nnnatural fcoi by previous 
cultivation on tbe weak formic a^ar. This transfer waa, however, an- 
BBSoessfnl. 

The germs Dsed in tbeae testa were isolated from samples of diseased 
comb'from Ontario, Anstriaand Floiida, U.S.A. 

Formic acid bouillon was also made containing .15% of formic acid ; and 
Bpores kept in this broth for eight months oontinaed to germinate when 
toansplanted to suitable matrial. 

Formio acid agar was likewise made in the same proportion as anggeat' d 
bfBertrand (b9); that is, formic acid 10, water 90; and ft tableepoonfiil of 
Uiis mixtnie to a litre of ayrnp ; bat instead of ryrnp, agar was nsed. Fifteen 
CO. of this aoid agar was ponred into each Petri plate, and the snrface inocu- 
lated with spot's. 

B<aalta : Od li plates, no growth. 

Oa 2 plates, very restricted growth, limited to one-eighth of sn 

inch of the needle track (60 bonrt). 
Od control plates, abnndaut growth. 

From th(>ae invest ifcacioop, viz., tbe aualyaii of the honey, the experi- 
ments based thereon, and the teeta with agar made in the proportion sog- 
gestei). by Bertrand, ve would note three things : (1) That the amonnt of 
formic acid recommended by Bertrand for the cure of fool brood is almost 
identical with the amount found in buckwheat honey ; (2) that formic addii 
a good antiseptic ; (3) that the formic acid in bnckwhe«t honey may possibly 
tend more or leas to ward off foul brood. 

We may add that our analysb, showing a larger proportion of formin acid 
in bnckwheat honey ihan in clover honey, is an interesting explanation of a 
fact well known among practical bee-keepers, viz., that the sting of bees when 
working on bnckwheat is mnoh more irritant than when working on clover. 

In conclosion under this head, we may say that formic acid has given 
good resnlts when used in the treatment of font brood ; and it is in a S'snse a 
natural remndy, beiog manufactured to some extent by the bees thum selves. 

(13) Other gubstances used /or Irealing thig disease. Among other sab- 
atancea that have been used for treating this disease are sulphuric acid, snl- 
taminol, various modifications of sabatancea already mentioned, and aome reo- 
ommended in the McLean method (80), the Mntb method, and others ; 1>nt 
these have not had so wide application as those referred to in the preceding 
paragraphs. 

EXFERIUBNTS ON THE XJSB OF DrDGS FOR OoMBATTlKO THE DlSBASK. 

I have already mentioned that, in one of my experiments, I endeavoured 
to find out if the vimlecce of the germ was attenuated by prolonged caltnre 
in artificial media, with the resnlt that considerable attenuation occnrred 



after a large nnmber of tr»iu(«ra ; aad in tUe toUowiag experimoDU I hftTa 
endfWTOarect to meet any ohjnotioiu thkt might be mkde »« to the Timlenoe 
of my ooltarri, by ieoUting B. alvai from a bwlly dbeued hive tod then 
growing ftt once sofficient tporei for the porpoaw of the ezperimeat. Thai 
bat three tranifera from » dUe— o d Urm were mftde ; ftad kll the aporea need 
in the follovini; eiperimenta ware obtained in thta manner : 

Two small hivea, each oo&taioing strong healthy iwarmi, were Mleeted 
and placed aide by aide. 

Hive A WM given aporea of B. alv«i in ayinp containing one-Lhird of 

a gramme of napthol B to a litre of aymp 
Hive B wu given aporea of B. atmi in ayrap c<mtaimng from 1.6 to 1.8 

formic aoid to a litre of ayrap. 
The Bporra given were aoraped from the anrfaoe of an agar alope oaltur^, 
pabinto 10 c o. of aterile w^ter, and wxtl ahakea in order to obtain a good 
anapension of aporea. The water and aporea were ponred into medioated 
eyrup and the mixture tboranghiy atirred. It was then ffirea to the beea 
and waa readily accpted. Thia prooednre was oontinaed Tonr days a week 
for thrA* week*, and at the end of this time eaoh hive had received ihe whole 
of the ftrowth from twelve sloped ag%r tobes. Daring the feeding period the 
eombaoontaining ibe brood were carefally examined, bnt none of the nenal 
■ymptomB of the disease appeared, although ooltnres were obtained from dif- 
ferent parts of the hives and from the digestive tract of the workers. At the 
end of three weeka the mrdioated aynip was disoontinaed tor a week. Then 
ordinary syrnp containing aporea was given, and at the end of ten daya 
typical symptoms began to he noticed, and af Der sizteeo. days the disease was 
well establsbed Both hives, so far as I was able to judge, were iheaaoe — 
BO disease to be anen in either whilst medicated aymp was fed, hnt iafeation 
manifest in both soon after the fcrmio aoid and napthol B. were discontinued. 
This experiment goes to prove the beaefic of feeding with syrop a aabatimoe 
which is antisepiic and which hinders the germination of the spores. It also 
confirms Lortet'ii opinion that the dijieative canal of cha nnrse bee ii alone 
infected, I hare never been able to obtain Oheehire's r^anlta, viz , the isola- 
tion of the baoillas from the blood of the worker, bnt I have frequently found 
it in the digestive canal of hees from diseased ooloniea 

From the rt-anlts ot the above experiments I conolade that in crtain 
cases the nse of chemicals is beneficial, bat I would not say that other meas- 
tires, anch as alarvation and atamping ont, should be abandoned as annecea- 
sary or useless. Some of the drags used are ot very lit le, if any, value ; 
bac others snch ae formic aoid and napthol B , are ucdoabtedly very nsefnL 
In some casep, especially those in which the disease is very viratent, it may 
be advia&ble to resort to more drastic measures. 

ToxiHB, 

I endeavoured to find out whether or not the feeding of toxin (filtrate 
from a two weeks old oalinre of B. alvei in t-acchsrose bonillon) mixed in Byrnp 
vould enabU healthy bees to withstand the disease. Small amonats of cbia 
filtrate were given in syruo to a hpalihy colony every other day tor thrre 
weeks. The amount of filtrate fed was gradually increased, but as the 
amount got larger the bees refused to take it, so it had to be ponred over the 
combs. At the end of three weeks spores ot B. alvei, freshly isolated, were 
fed, and symptoms o^ the disease followed about fourteen d-iys later. So the 
toxin had little or no efirct, bat further experiments are beiog made. 



LtOtBLATION. 

In the TTnited Stfttn, six SUtei have laws for the anppreMion of foal 
brood among bees. These are Nev York, Wiujoiuin, Michigui, tTtab, Col- 
orado and California. In Ctiwd*the Prorinoe of Ontario haa enacted afoal- 
brood law. In Enrope Meoklenbnrg aiss haa a law. 

These Btatutca diSer a good deal from one another, and eome of them are 
so drafted that evseion of the law ia easy. The beat ara probably those of 
Wiiconsin and Ontario, and the principal points in these acts are as followB : 

1. The appointment of an inspector. 

2. The inspection of all apiaries reported as diseased, and the dnty of 

the inspector, if satisGed that the disease is present, to tp^e foil in- 
struotions as to treatment. 

3. The enactment requiring the inspector, who is the sole )adge, to make 

a second visit to all diseased apiaries, and, if need be, bnrn all col- 
onies and combe that he may find ancnred. 

4. Various penalties (Gneo, and, in default, imprisonment) for — 

(a) Selling or giving away diseased colonies or infected ap- 
pliances. 
(6) Selling bees after treatment, or exposing infected appliances, 
(e) ObetruoUng the inspector. 
6. Persons who are aware of the disease either in their own apiary ot 
elsewhere are to notfiy at once the proper anthoritiea, and in de- 
fanlt of so doing shall, on conviction, be liable to a fine and costs. 
a. The inspector of apiaries to make an annual report, which shall in- 
- elude a statement of the number of colonies destroyed by his order, 
the localities where found, and the .amooat paid to hiro for his ser- 
vices. 
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